Abstract
Results
The mean age of the study population (53.24% male) was 46.06 years; 724,681 deaths from all causes occurred over a median follow-up period of 9.34 years (interquartile range 8. 17-10.16) , and the maximum follow-up was 12.12 years. After full adjustment for covariates, a higher level of dipstick proteinuria indicated a higher risk of all-cause death [Hazard ratios (95% confidence intervals); 1.22 (1.20-1.24), 1.47 (1.45-1.49), 1.81 (1.77-1.84), 2.32 (2.24-2.41), 2.74 (2.54-2.96); trace to 4+, respectively], and various subgroup analyses did not affect the main outcome for the total population. !1+ proteinuria in the group without metabolic diseases (hypertension, diabetes, dyslipidemia, or obesity) resulted in higher hazard ratios than those in the group with metabolic diseases and negative or trace proteinuria. PLOS 
Introduction
Proteinuria is a key feature of chronic kidney disease (CKD), [1, 2] and has close association with increased mortality. [3] [4] [5] Although population surveys demonstrated the occurrence of excessive proteinuria among individuals with hypertension and diabetes, [6, 7] proteinuria is associated with increased mortality independent of the presence of hypertension or diabetes. [3] [4] [5] Despite its role in negative health outcomes, proteinuria is usually asymptomatic, and public awareness on this condition is low, [6, 8] with > 90% of CKD patients being unaware of their condition. [9, 10] Therefore, availability of simpler screening tests would improve detection of proteinuria in clinical settings. It is important to study the correlation between the results of screening tests and the risk of mortality to improve public awareness in an effort to prevent CKD-induced complications. Current guidelines pertaining to the detection of proteinuria may not be sufficient to obtain and accurately reflect data regarding the association between proteinuria and mortality risk in the general population. Guidelines recommend the urine protein-to-creatinine ratio (PCR) or the urine albumin-to-creatinine ratio (ACR) as the preferred measure of proteinuria. [11] [12] [13] However, PCR or ACR is not considered practical for large epidemiological studies because they are slow to produce results, are expensive, and are inconvenient to perform. Moreover, recommendations support opportunistic targeted screening in primary-care settings. [11, 12, 14] However, high-risk populations such as elderly patients or those with hypertension or diabetes would not represent the general population and this could cause a selection bias when assessing the mortality risk in the general population.
Dipstick urinalysis could be useful in assessing the association between proteinuria and mortality in the general population owing to several advantages: 1) A dipstick urinalysis test is inexpensive, widely available, easy to perform, and provides a rapid result at the point of care. These factors favor its application in large-scale epidemiological studies and for screening in non-risk populations in whom screening for proteinuria is not recommended by guidelines. 2) Dipstick test result ! trace identifies ACR !30mg/g with 43-69% sensitivity and 86-93% specificity. [15, 16] Because the risk of false negative cases is lower, despite its relatively limited use, it can be inferred that the hazard ratio (HR) calculated based on dipstick urinalysis would be an estimation of the minimal mortality risk. [15, 16] A nationwide health screening program is available in South Korea to approximately 98% of the overall population that has subscribed to the National Health Insurance (NHI). [17] Evaluation of the claims data of the NHI in South Korea shows data obtained from a homogeneous population indicating that these data can be generalized to the Korean population. We obtained results of dipstick urinalysis in approximately 17 million adults who had been medically screened using a standardized process and followed up on their vital status since 2005. We aimed to investigate the association between dipstick proteinuria and all-cause mortality by controlling the effect of confounders on this association.
Materials and methods

Data source and study population
The Health Insurance Review and Assessment (HIRA) database included in the NHI system contains data on health insurance claims of approximately 98.0% of South Koreans. [18, 19] Among the 31,237,363 adults (age ! 20 years) who underwent health examinations between 2005 and 2008, we excluded 117,440 subjects with insufficient data, 13,776,911 subjects in whom more than one health examination had been performed, and 56 subjects who were reported dead prior to the health examination owing to an administrative error. Therefore, our study population comprised 17,342,956 subjects. The year of the first health examination was considered the index year. This population was monitored from the start of the index year to the date of death or until December 31, 2015, whichever was earlier. Our study was approved by the Institutional Review Board of Korea National Institute for Bioethics Policy (No. P01-201603-21-005). Because information pertaining to the subjects was anonymized and de-identified prior to the analyses, the requirement of informed consent was waived for this study.
Dipstick urinalysis and main outcome measures
Proteinuria was determined by a single dipstick urinalysis. Urine samples were obtained early in the morning following an overnight fast, and the results of the dipstick urinalysis were interpreted on the basis of a color scale that semi-quantified proteinuria as negative, trace, 1+, 2+, 3 +, or 4+. The primary outcome of this study was all-cause mortality, which is a robust and unbiased index that does not require an adjudication to avoid clinical assessments or documentation of biases. [20] The cause of death was identified on the basis of the Tenth Revision of the International Classification of Disease (ICD-10).
Covariates
Diabetes was defined on the basis of the following criteria: (1) at least one claim in a year for a prescription of antidiabetic medications (ICD-10 codes E11-14) or (2) a fasting plasma glucose level !126 mg/dL (obtained from the health examination database). Hypertension was defined on the basis of at least one claim in a year for a prescription of antihypertensive medication (ICD-10 codes I10-I15) or systolic/diastolic blood pressure !140/90 mmHg when measured on two or more separate occasions. Dyslipidemia was defined by at least one claim in a year for a prescription of antidyslipidemic medications (ICD-10 code E78) or a total serum cholesterol level !240 mg/dL (obtained from the health examination database).
Body-mass index (BMI) was calculated as the weight in kilograms divided by the square of the height in meters. A BMI of 25 kg/m 2 was used as the cut-off value to define obesity for the Asian population enrolled in our study. [21] Participants were categorized as non-smokers, exsmokers, or current smokers, and the frequency of alcohol consumption was categorized as 0, 1-2, or !3 times/week on the basis of data obtained from the questionnaire. Regular exercise indicated strenuous physical activity for at least 20 min/day, and the frequency of exercise was categorized as 0, 1-4, or !5 times/week. Hospitals certified by the NHI system performed these health examinations and conducted regular quality control surveys.
Statistical analyses
Data were expressed as means (standard deviation [SD]), geometric means (95% confidence interval [CI]), or percentages. Continuous variables with non-normal distribution are presented as medians and interquartile ranges (IQR). Using a multivariable Cox proportional hazard model and the negative proteinuria group as a reference, hazard ratios (HRs) and 95% CIs for all-cause mortality observed in the six study groups were analyzed on the basis results of dipstick urinalysis. Proportional hazard assumptions were evaluated using the logarithm of the cumulative hazards function and Kaplan-Meier estimates for each group. Variation in the effect of proteinuria observed between subgroups was determined by calculating the HRs for mortality on the basis of covariates, and we tested the interaction between group assignments and risk factor categories. Furthermore, the prognostic impact of proteinuria based on weight of subjects was assessed by constructing a ). Similarly, the prognostic impact of proteinuria was assessed on the basis of the presence of metabolic diseases (hypertension, diabetes, or dyslipidemia) by constructing a multivariate Cox model for the four subgroups, with categories containing two variables (proteinuria [negative/trace vs. !1+], and metabolic diseases [none vs. at least one]). Statistical analyses were performed using the SAS software version 9.3 (SAS Institute Inc., Cary, NC, USA). A two-tailed p-value of <0.05 was considered statistically significant.
Results
Baseline characteristics
The mean age of the study population was 46.06 years (SD 14.59 years), among which 53.24% were men ( the population reported no alcohol consumption and 54.49% reported they did not exercise at all. Participants diagnosed with hypertension, diabetes, and dyslipidemia comprised 26.31%, 7.90%, and 14.36% of the total population at baseline, respectively. Overall, we observed that participants with a higher level of dipstick proteinuria were more likely to be older and have a diagnosis of hypertension, diabetes, and dyslipidemia.
All-cause mortality
We observed 724,681 deaths from all causes to have occurred over a median follow-up period of 9.34 years (interquartile range 8.17-10.16), and the maximum follow-up duration was 12.12 years. The crude incidence rates of all-cause mortality per 1000 person-years by dipstick proteinuria categories are shown in Table 2 . A higher level of dipstick proteinuria might indicate a higher incidence of all-cause death.
The correlation between all-cause mortality and dipstick proteinuria was determined by constructing four Cox regression models with gradual adjustments of covariates. After full adjustments for age, sex, BMI, lifestyle variables (alcohol consumption, exercise, and smoking), and metabolic diseases (hypertension, diabetes, and dyslipidemia) in model 4, trace proteinuria was observed to be associated with a !20% increase in the mortality risk (HR 1.21, 95% CI 1.20-1.24). Additionally, 3+ and 4+ proteinuria was observed to be associated with a 2-fold or higher mortality risk than that of negative proteinuria (HR 2.32, 95% CI, 2.24-2.41, and HR 2.74 95% CI 2.54-2.96, respectively). Adjustment for covariates weakened the association between the levels of proteinuria and mortality risk, but maintained the significance of the mortality risk.
Subgroup analyses
The association between dipstick proteinuria and all-cause mortality remained significant in all subgroups using a few covariates; however, a higher risk of all-cause mortality was observed in men and in subgroups with metabolic diseases (hypertension, diabetes, or dyslipidemia) ) between the four subgroups indicated that the subgroup comprising participants without obesity and with !1+ proteinuria presented the highest risk of all-cause mortality (HR 1.66, 95% CI 1.64-1.68) compared with the two subgroups comprising participants without obesity (Table 4A ). In the fully adjusted model 4, the HR indicated a weaker association between the four subgroups than that in crude model 1; however, the correlation remained significant.
A comparison of the proteinuria levels (negative and trace vs. !1+) and the presence of metabolic diseases (yes vs. no, where yes indicated !1 metabolic diseases, including hypertension, diabetes, or dyslipidemia) between the four subgroups indicated that the risk of all-cause mortality in the subgroup with metabolic diseases and !1+ proteinuria increased by >2-fold (HR 2.52, 95% CI 2.49-2.55) compared to that in the reference group (negative or trace proteinuria without metabolic diseases) (Table 4B ). In the fully adjusted model 4, !1+ proteinuria in the group without metabolic diseases showed a higher HR than that in the group with metabolic diseases and negative or trace proteinuria (HR 1.51, 95% CI 1.47-1.56, and HR 1.35, 95% CI 1.35-1.36, respectively). Even after adjustment for covariates, the association maintained significance, although the significance was lower than that in the crude model. Fig 1 presents Dipstick proteinuria and all-cause mortality Refer to Table 2 regarding the descriptions of model construction.
https://doi.org/10.1371/journal.pone.0199913.t004 the HRs of the subgroups based on metabolic diseases (yes vs. no, where yes indicates presence of !1 metabolic diseases including hypertension, diabetes, or dyslipidemia) across different levels of proteinuria. For all proteinuria categories, the association in the subgroups with metabolic diseases was stronger than that in the subgroups without metabolic diseases. However, the subgroup without metabolic diseases with !1+ proteinuria showed a higher risk of allcause mortality than the subgroup with metabolic diseases but without proteinuria.
Discussion
To our knowledge, this is the largest population-based study from East Asia to assess the association between dipstick proteinuria and all-cause mortality. We used nationwide and longterm follow-up data to show that dipstick proteinuria was associated with all-cause mortality independent of possible confounders in Korean adults. The consistent results observed with respect to the main outcome in the covariate-adjusted analysis and the subgroup analysis indicate that dipstick proteinuria may be a useful direct marker of mortality, and these results corroborate the robustness of our findings. The HRs observed in the current study should be interpreted carefully. When used for the detection of proteinuria in the general population, dipstick urinalysis demonstrates a high NPV. A study comprising 10,944 Australian adults showed that a negative dipstick result (<trace) demonstrated an NPV of 97.6% (95% CI 97.2-97.9) for ACR ! 30 mg/g and an NPV of 100% (99% CI 99.9-100) for ACR ! 300 mg/g. [16] A study comprising 20,759 Korean adults showed that a dipstick reading <trace demonstrated an NPV of 95.5% for ACR ! 30 mg/g and a dipstick reading <1+ demonstrated an NPV of 99.8% for ACR ! 300 mg/g. [15] Because of the high NPV of dipstick urinalysis when used for the general population, the probability of false negative cases is low/minimal. Therefore, the HRs presented in this study could be interpreted as an estimation of the minimal mortality risk. Because of the limitation of a high false-positive rate associated with a dipstick proteinuria in the general population, [15, 16] several previous studies have defined persistent proteinuria as !2 times the dipstick positive value. However, this method was seen to lead to a decreased/lower NPV; [22] thus, we used a single dipstick urinalysis measurement to minimize the incidence of false-negative cases.
Considering that disease prevalence can be a significant determinant of efficacy of the dipstick urinalysis test, [23, 24] the variability of the association between single dipstick proteinuria and mortality could be explained by differences in the study population. The first National Health and Nutrition Examination Survey reported that proteinuria in trace levels or higher is associated with 71% higher total mortality than that in the absence of proteinuria in men. [25] The Framingham Study reported that dipstick analysis showing trace levels of or !1+ proteinuria were associated with a 30-40% increase in the 17-year total mortality. [26] Dipstick proteinuria was associated with a 43% increase in mortality in Italy. [27] In our study, trace and 1 + proteinuria was associated with a 21% and 46% higher all-cause mortality rate, respectively, compared to the no-proteinuria population.
It has been suggested that excess body weight is associated with glomerular hemodynamic changes, primarily increased renal plasma flow, and glomerular hyperfiltration, which predispose patients with obesity to proteinuria. [28, 29] Therefore, the confounding effect of obesity should be considered when investigating the association between proteinuria and mortality. The HR for the total population remained unchanged after full adjustments, including adjustment for weight and BMI in the subgroup analysis. Moreover, results of subgroup analysis suggest that mortality in the obese group decreased by >40% compared to that in the non-obese group with !1+ proteinuria (Table 4A ). The decreased mortality risk observed in overweight/ obese subjects, known as the "obesity paradox," could not be confirmed because of sample heterogeneity. [30] However, non-obese individuals with proteinuria should be stratified as a group with a higher risk of mortality than their obese counterparts.
Proteinuria is observed to be a better predictor of mortality compared to several established conventional cardiovascular risk factors. A previous study has demonstrated that the risk of future cardiovascular events such as stroke, myocardial infarction, and cardiovascular death was higher in patients with microalbuminuria than in those with peripheral artery disease or diabetes. [4] Current guidelines recommend proteinuria screening among high-risk populations such as elderly patients and those diagnosed with hypertension or diabetes. [31] [32] [33] [34] [35] [36] However, our subgroup analysis indicates that all-cause mortality in individuals with !1+ proteinuria but without metabolic diseases (HR 1.513, 95% CI 1.468-1.559) such as hypertension, diabetes, or dyslipidemia was increased by >15% compared to that in individuals with negative or trace proteinuria and metabolic diseases in a fully adjusted regression model (HR 1.352, 95% CI 1.345-1.359) (Table 4B ). This result corroborates the findings of previous studies and a feasibility study needs to be performed in non-risk groups to confirm whether dipstick screening is cost-effective when followed by administration of proteinuria-lowering medication in laboratory-confirmed cases. [37, 38] Previous studies have shown that trace proteinuria detected using a urine dipstick is a powerful predictor of mortality risk. [5] In a pooled meta-analysis that included 1.1 million individuals with a normal glomerular filtration rate, those with trace proteinuria showed an HR of 1.44 for all-cause mortality. [5] Our results showed that trace proteinuria showed an HR of 1.216 (95% CI 1.196-1.235) for all-cause mortality using a fully-adjusted regression model (Table 2) , despite the concern about the attenuation of the mortality risk owing to the semi-quantitative nature of the test. Mild proteinuria is a treatable condition and timely and appropriate intervention can halt its progression. [39] Clinicians should be mindful of this fact and attempt to identify patients with even low quantities of proteinuria in the clinical setting. Increasing physical activity, reducing body weight, and appropriately treating hypertension or diabetes, as advocated for CKD, [39] would be an effective and valuable management strategy for patients presenting with trace proteinuria.
Limitations of our study: 1) Our results must be interpreted considering the variability in the manufacture and subsequent varieties of urine dipsticks, visual reading of dipstick strips in practice, role of exercise and infection, and intake of proteinuria-lowering medicines, and factors that could lead to exposure misclassification. 2) Although most centers that perform a general health examination in Korea use the Jaffe method for quantitative estimation of creatinine, reference ranges used might often vary between centers or laboratories. [40] Therefore, although PCR or ACR could be useful for confirmation of the results of our study, interpretation of results obtained from these tests was difficult. 3) Due to the nature of claims data, disease codes might not accurately represent the participants' specific disease status, and drug prescriptions do not guarantee compliance; therefore, errors in the classification of comorbidities could be expected. 4) Study participants were Korean adults, and racial differences could influence the effect of proteinuria on mortality, and also lead to differences in the progression of renal disease associated with underlying conditions such as hypertension, diabetes, and proteinuria. [41] 5) Although hematuria with or without proteinuria has been suggested as an independent risk factor for the progress of CKD, [42, 43] high false negative cases of dipstick hematuria could lead to another classification bias among study population. [44] Therefore, we excluded the variable of dipstick hematuria in current study.
Conclusions
In conclusion, our study demonstrated that dipstick proteinuria was strongly associated with all-cause mortality. This finding provides a quantitative basis for the use of dipstick urinalysis in a clinical setting for risk assessment of all-cause mortality.
